(12) United States Patent

Shikama et al.

US006373363B1
(10) Patent No.: US 6,373,368 Bl
45) Date of Patent: Apr. 16, 2002

(54) INDUCTOR AND MANUFACTURING
METHOD THEREOF

(75) Inventors: Takashi Shikama, Yokaichi; Iwao
Fukutani; Junichi Hamatani, both of
Shiga-ken; Kenichi Saito, Fukui-ken;
Hisato Oshima, Takefu, all of (JP)

(73) Assignee: Murata Manufacturing Co., Ltd.,
Kyoto (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent 15 extended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 09/665,243
(22) Filed: Sep. 18, 2000
(30) Foreign Application Priority Data

Sep. 16, 1999 (IP) v, 11-261472
Tul. 28, 2000 (JP) eeoveeeeeeeeeeeeeee e 2000-229511

(51)  I0te CL7 oo HO1F 5/00
(52) U.S. CL oo 336/200; 29/605

(58) Field of Search ................................. 336/200, 232,
336/220, 84, 90, 96; 29/605

(56) References Cited

U.S. PATENT DOCUMENTS

4,797,648 A * 1/1989 Kaneko et al. ............. 336/192
6,144,280 A * 11/2000 Amada et al. .............. 336/192

o

NO
QO

oaz
R

AV A AV ENEAD .

"
- 9
o Te—

=0

‘i“

O

RN AN

-
L/

L

oy

A

N

\,

L
o [ ] — [ | L o i, | | o " -

Wppult | Vgt 0 Tegdl 0 Wt el e e et e
llllll

FOREIGN PATENT DOCUMENTS
IP 4-42906 *2/1992

* cited by examiner

Primary Fxaminer—_incoln Donovan
(74) Attorney, Agent, or Firm—Keating & Bennett, LLP

(57) ABSTRACT

A method for efficiently and economically manufacturing an
inductor using a resin based magnetic material, and a highly
reliable mductor that 1s manufactured by the method, pro-
duces a unique mductor imncluding a molded magnetic mate-
rial member. An 1nner conductor 1s disposed in the molded
magnetic material member and 1s exposed at a surface of the
molded magnetic materital member. The molded magnetic
material member 1s formed using the resin based magnetic
material in which a component that functions as nucle1 for
applying electroless plating 1s blended, followed by forming
a selectively coated molded body so that the area not
provided with external electrodes on the surface of the
molded magnetic material member 1s covered with an 1nsu-
lating resin and applying electroless plating on the molded
magnetic material member (selectively coated molded
body), thereby eliminating use of a resist agent that 1s
required 1n the conventional manufacturing method, as well
as a resist agent removing step with an alkali and solvent and
a removing step of the electroless plating film with an acid,
by forming the electroless plating film as the external
clectrodes on the desired area.

13 Claims, 7 Drawing Sheets

<~

\

3
Ve

NN
4 VA,
SRS NN

g N

LTI
N

NN N R NN NN
VAV,

T

)

NN NN N

__________ o\
o f':
TeZZ—9



US 6,373,368 Bl

Sheet 1 of 7

Apr. 16, 2002

U.S. Patent

1

F1G

*
&
L ]

ot
N
o
R
X
'
(
A
N
,,_.,
-
A
{
A
o
.
(
A
K
A

1
i
|

»

FIG. 2




US 6,373,368 Bl

Sheet 2 of 7

FIG. 3

Apr. 16, 2002

U.S. Patent

4




L
N

US 6,373,368 Bl

NS N IS NN

"'\.‘.‘ ‘.‘

NN N N N

N~ ¢ L0

AN VA
v

S22 222 RS

Sheet 3 of 7

Apr. 16, 2002

....'.. ."".””’
"‘V*“.‘.‘..r'..l

";- L/ ‘."."’A“‘ A

A AN

(O
N

U.S. Patent

O
N

Y AN

M~



US 6,373,368 Bl

Sheet 4 of 7

Apr. 16, 2002

U.S. Patent

(O
O
LL

FIG. 7




FIG. 8

Apl’. 1 6, 2002

U.S. Patent

53

02

\

\

L)
Lo

Lo
Lo

" %
N
.
’ .“.... ;
’.H..” ot
\EE
W

56

00




US 6,373,368 Bl

Sheet 6 of 7

FIG. 10

Apr. 16, 2002

U.S. Patent

FIG. 11

i,
©
<t
O
o
Ys.
e



P
0 To
N ! LO

US 6,373,368 Bl

-,

ITIIIII

lll
o
llll ath

PRI o
"..” ’ ~T.. llllllllllllll : O '“
. I\

m
\

I

@ 4
]

I'I
II..I_-Ill.I.IIIII.
Ill

)
)
P —— - ~ ) " -- "
2 llllllllll )
- ™ =TT T T e a2
e < o\ N R .
= Vo TN B ;
G P .
lllllll
b . A e )
m lllll
7 G 3P N P
O~ T
e O e e
lllllllllllllll
- - 2 T T T T,
= Ll o— |11
& e e
N ¥ 02 S ittt L
R N} P L
2 N ¢\ T
- A e e SR
A ‘." NN N N N N N N N
CZIINSAV Z Z Z ZZZZZ DS
haw e ved j e e s an e,

A AN N NS N NN

U.S. Patent



US 6,373,368 Bl

1

INDUCTOR AND MANUFACTURING
METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an inductor and a method
for manufacturing thereof. More particularly, the present
invention relates to an inductor having external electrodes
disposed at a certain position on a molded magnetic material
member so as to be electrically connected to inner electrodes
embedded within a molded magnetic material member.

2. Description of the Related Art

As shown 1n FIG. 12, a surface mounting type inductor
includes a coil (an inner conductor) 52 that functions as an
inductance element embedded 1n a resin based magnetic
material 51 made by blending a magnetic powder and a resin
to produce a molded magnetic material member 53 having
at two terminal surfaces, terminals 524 and 5256 of the coil
52 which are exposed, and a pair of external electrodes 54a
and 54b are arranged to be electrically connected to the

terminals 52a and 52b of the coil 52.

This inductor may be manufactured by providing the
external electrodes 54a and 54b on the molded magnetic
material member 533 made by molding the resin based
magnetic material 51 produced by blending a magnetic
power and a resin. This inductor requires no firing process
at a high temperature as has been required in ceramic
inductors using conventional magnetic ceramics, thus facili-
tating the manufacture of the inductor.

The 1nductor using the resin based magnetic material as
described above 1s manufactured, for example, by the fol-
lowing steps.

(1) Preparing a ferrite powder (a magnetic powder),
ferrite-resin pellets (a magnetic material) prepared by knead-
ing the ferrite powder with a resin, and a coil (an inner
conductor) produced by molding a copper wire (an AIW
wire) coated with an 1nsulating resin (a polyamide-imide
resin) into a coil.

(2) Then, a ferrite-resin molded body (a molded magnetic
material member) 53 is formed, wherein the coil (the inner
conductor) 52 that functions as an inductor element is
embedded within the magnetic material 51 as shown 1n FIG.
6 by 1injection molding of the ferrite containing resin around
the coil after allowing the ferrite-resin pellets to melt by
heating.

(3) Subsequently, sand-blasting is performed on the area
(the both terminal surfaces of the molded magnetic material
member 53) on which external electrodes S4a and 54b (see
FIG. 12) are to be provided on the surface of the molded
magnetic material member 53 as shown 1n FIG. 7 to expose
both terminals 52a and 52b (see FIG. 12) of the coil 52 from
the molded magnetic material member 53, and removing an
insulating coating film (a polyamide imide resin) on the coil

52.

(4) Subsequently, a Ni electroless plating is applied after
applying a nucleation treatment for the electroless plating on
the molded magnetic material member 53, and a Ni elec-
troless plating film 35 1s formed on the entire surface of the
molded magnetic material member 53 as shown in FIG. 8.

(5) In the next step, a resist agent 56 is coated on the area
as shown 1n FIG. 9 where the external electrodes 54a and
54b (see FIG. 12) are to be provided on the molded magnetic
material member 353, the entire surface of which 1s covered
with the Ni electroless plating film, and the resist film 1s

dried.

10

15

20

25

30

35

40

45

50

55

60

65

2

(6) Then, the Ni electroless plating film 55 at the unnec-
essary portion on the surface of the molded magnetic

material member 33 i1s removed by etching with an acid as
shown 1n FIG. 10.

(7) Subsequently, the resist agent 56 is removed with an
alkali (FIG. 11).

(8) Then, a Ni electroplating film 57 1s formed on the Ni
clectroless plating film 55 as shown in FIG. 12 by applying
a N1 electroplating on the molded magnetic material member
53. Finally, a Sn electroplating film 38 1s further formed on
the plating films 55 to form the three layered external
clectrodes 54a and 54b 1ncluding the Ni electroless plating
film 35, the Ni electroplating film 57, and the Sn electro-
plating film 58.

In the process for manufacturing the inductor using the
foregoing resin-based magnetic material, the Ni electroless
plating film 55 1s provided on the entire surface of the
molded magnetic material member 53, and the resist agent
56 1s coated on the area where the external electrodes 54a
and 54b (FIG. 12) are to be provided, followed by removing
the resist agent 56 with an alkali after removing the unnec-
essary Ni electroless plating film 55 by etching with an acid.
Consequently, the manufacturing process involves many
steps thus complicating the process, as well as increasing the
manufacturing costs. Moreover, the process requires a lot of
labor to process unnecessary products generated in the
ctching step using an acid for removing the unnecessary
portion of the N1 electroless plating film, and the step for
removing the resist agent using an alkali.

SUMMARY OF THE INVENTION

To overcome the above-described problems, pretferred
embodiments of the present invention provide a method for
ciiciently manufacturing an inductor using a resin-based
magnetic material, and further provide a reliable inductor at
oreatly reduced costs.

A first preferred embodiment of the present ivention
provides a method for manufacturing an inductor including
the steps of molding a magnetic material prepared by
blending a magnetic powder with a resin into a molded body
having a desired shape so that an inner conductor that
functions as an inductance element 1s embedded within the
molded body, thereby forming a molded magnetic material
member having a portion of the mner conductor exposed on
a surface thereot, forming a selectively coated molded body
(a molded body having a main portion that is selectively
coated with an insulating resin) so that the areas on the
surface of the molded magnetic material member except for
the area to be provided with external electrodes 1s coated
with the insulating resin, and forming the external electrodes
including an electroless plating film on the area to be
provided with the external electrodes (the area where the
insulating resin is not coated) by applying electroless plating
on the selectively coated molded body such that the external
clectrodes are electrically connected to the inner conductor.

In the method for manufacturing the inductor described
above, after forming the molded magnetic material member,
having the portion of the inner conductor exposed at a
surface thereof, by using a resin based magnetic material,
the selectively coated molded body 1s formed so that the areca
not provided with the external electrodes on the surface of
the molded magnetic material member 1s covered with the
insulating resin. The external electrodes are formed at
desired areas by applying electroless plating film on the
molded magnetic material member (the selectively coated

molded body).
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Consequently, a resist agent used 1n conventional manu-
facturing methods 1s not required 1n the present invention.
As a result, the steps for removing the resist agent with an
alkali or a solvent (simply referred as a liquid chemical
hereinafter) and the steps for removing the electroless plat-
ing {1lms by etching with acid are eliminated. Therefore, the
manufacturing process ol preferred embodiments of the
present invention 1s greatly simplified and greatly reduces
the manufacturing costs and the labor mnvolved 1n manufac-
turing.

A second preferred embodiment of the present invention
provides a method for manufacturing an inductor including,
the steps of molding a magnetic material prepared by
blending a magnetic powder, a resin and a component
functioning as nucle1 for applying electroless plating 1nto a
molded body having a prescribed shape so that an inner
conductor that functions as an inductance element 1s embed-
ded within the molded body, thereby forming a molded
magnetic material member having a portion of the inner
conductor exposed on a surface thereof, forming a selec-
fively coated molded body so that the area on the surface of
the molded magnetic material member except for the area to
be provided with external electrodes 1s coated with an
insulating resin, and forming the external electrodes includ-
ing an electroless plating film on the area to be provided with
the external electrodes by applying electroless plating on the
selectively coated molded body.

Since the resin based magnetic material prepared by
blending a component that functions as nuclei for applying
clectroless plating 1s used in the method for manufacturing
the 1nductor described above, electroless plating may be
more elficiently applied on the surface of the molded mag-
netic material member than using a magnetic material pre-
pared by merely blending a magnetic material with a resin.

The same advantages as the first preferred embodiment of
the present mvention are achieved in the second preferred
embodiment of the present invention.

Preferably, the external electrodes are formed by applying,
clectroless plating after roughening the area to be provided
with the external electrodes on the molded magnetic mate-
rial member by a blast medium blow method.

When electroless plating 1s applied after roughening the
arcas to be provided with the external electrodes on the
surface of the molded magnetic material member by a blast
medium blowing method (powder granules), an electroless
plating film with a greatly improved adhesive property 1s
formed on the surface of the molded magnetic material
member. The blast medium blowing method 1s performed
because the surface of the molded magnetic material mem-
ber tends to provide insufficient adhesive strength with the
clectroless plating film.

The blast medium method (powder granules) for rough-
ening the surface includes, for example, a dry blast method
(a sand blast method) in which the surface of the molded
magnetic material member 1s roughened by blowing a blast
medium such as alumina powder and silica powder together
with air, and a wet blast method 1in which the surface of the
molded magnetic material member 1s roughened by spraying
a blast medium such as alumina powder and silica powder
together with a liquid, such as water.

The step for roughening the surface by the blast medium
blowing method may be preformed before or after the step
for coating the area not provided with the external electrodes
with an insulating resin.

A third preferred embodiment of the present invention
provides a method for manufacturing an inductor including,
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the steps of molding a magnetic material prepared by
blending a magnetic powder with a resin into a molded body
having desired shape so that an inner conductor that func-
fions as an 1nductance element 1s embedded within the
molded body, thereby forming a molded magnetic material
member having a portion of the mnner conductor exposed on
a surface thereof, coating the entire surface of the molded
magnetic material member with an msulating resin, elimi-

nating the insulating resin coating the area to be provided
with the external electrodes on the surface of the molded

magnetic material member by a blast medium blowing
method, followed by roughening the exposed surface of the
molded magnetic material member, and forming the external
clectrodes made of an electroless plating film on the area to
be provided with the external electrodes by applying elec-
troless plating on the molded magnetic material member.

The entire surface of the molded magnetic material mem-
ber prepared by molding the resin based magnetic material
1s coated with the insulating resin, and the 1nsulating resin on
the area to be provided with the external electrodes 1is
climinated by a blast medium blowing method such as a
sand blast method. The external electrodes made by the
clectroless plating films are formed on the area which 1s not
coated with the insulating resin, by applying electroless
plating on the molded magnetic material member after
roughening the exposed surface on the molded magnetic
material member.

Consequently, a resist agent that 1s required 1n the con-
ventional manufacturing methods 1s not required 1n pre-
ferred embodiments of the present mnvention, and the steps
for removing the resist agent with a liquid chemical, and the
steps for removing the electroless plating films by etching
with an acid are also eliminated. Accordingly, the manufac-
turing process 1s greatly simplified to greatly reduce the
manufacturing costs and the labor required.

A fourth preferred embodiment of the present mmvention
provides a method for manufacturing an inductor including
the steps of molding a magnetic material prepared by
blending a magnetic powder, a resin and a component that
functions as nucle1 for applying electroless plating mto a
molded body having a prescribed shape such that an 1nner
conductor that functions as an inductance element 1s embed-
ded within the molded body, thereby forming a molded
magnetic material member having a portion of the inner
conductor exposed on a surface thereof, coating the entire
surface of the molded magnetic material member with an
insulating resin, removing the insulating resin coating the
arca to be provided with the external electrodes on the
surface of the molded magnetic material member by a blast
medium blowing method, followed by roughening the
exposed surface of the molded magnetic material member,
and forming the external electrodes including an electroless
plating film on the area to be provided with the external
clectrodes by applying electroless plating on the molded
magnetic material member.

Since the resin based magnetic material member prepared
by blending a component that functions as nucle1 for apply-
ing electroless plating 1s used 1n the method for manufac-
turing the i1nductor described above, electroless plating is
more elficiently applied on the surface of the molded mag-
netic material member than using a magnetic material pre-
pared by merely blending a magnetic material with a resin.

The same advantages of the third preferred embodiment
of the present invention are achieved 1n the fourth preferred
embodiment of the present invention.

The external electrodes including an electroless plating,
film are provided on both end surfaces of the molded
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magnetic material member and on the portions extending
from the both end surfaces to the outer circumierential
surface thereof by applying electroless plating, after elimi-
nating the insulating resin and roughening the exposed
surface of the molded magnetic material member on both
end surfaces of the molded magnetic material member and
on the portions extending from the both end surfaces to the
outer circumierence surface thereof by the blast medium
blowing method.

When the external electrodes are provided on both end
surfaces of the molded magnetic material member and on
the portions extending from the both end surfaces to the
outer circumierence surfaces by applying electroless plating,
after roughening the both end surfaces of the molded mag-
netic material member and the portions extending from the
both end surfaces to the outer circumference surfaces, induc-
tors which are suitable for surface mounting and which have
highly reliable electrical connections are efficiently manu-
factured when the 1inductors are mounted by, for example, a
reflow soldering method or other suitable method.

Pd may be used for the component to function as nuclel
for applying electroless plating.

When Pd 1s blended with the resin based magnetic mate-
rial member as a component that functions as nucle1l 1n
applying electroless plating, an electroless plating film hav-
ing outstanding adhesive strength 1s produced on the surface
of the magnetic material member.

Preferably, the electroless plating films include a plurality
of layers formed by applying different types of electroless
plating in a plurality of steps.

Since the electroless plating includes a plurality of layers
formed by applying different types of electroless plating 1n
a plurality of steps in preferred embodiments of the present
invention, electrodes having desired characteristics are pro-

vided.

Preferably, the method of manufacturing the inductor
further mcludes a step of forming an external electrode
including an upper electrolytic plating film with a monolayer
or multilayer structure by additionally applying one or more
types of electrolytic plating on the external electrodes
including the electroless plating films.

Applying one or more types of electrolytic plating on the
external electrode including the electroless plating film
produces an external electrode having an upper layer elec-
trolytic plating film on the electroless plating film, thereby
providing an inductor having external electrodes with
orecatly 1mproved reliability in electrical connection and
soldering properties.

A fifth preferred embodiment of the present invention
provides an inductor including an inner conductor that
functions as an 1nductance clement embedded within a
molded magnetic matertal member made by molding a
magnetic material prepared by blending a magnetic powder
with a resin, and external electrodes with a monolayer or
multilayer structure including at least electroless plating film
layers formed on a roughened area on the surface of the
molded magnetic material member, wherein the areca not
provided with the external electrodes on the surface of the
molded magnetic material member 1s coated with an 1nsu-
lating resin.

The inductor described above has outstanding adhesive
properties and a highly reliable electrical connection
because the external electrode 1s formed on the roughened
arca on the surface of the molded magnetic material member
formed by molding the resin type magnetic material. The
inductor according to preferred embodiments of the present
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6

invention 1s efficiently manufactured by applying the aspects
and other features of the present mnvention.

A sixth preferred embodiment of the present mvention
provides an inductor including an inner conductor that
functions as an inductor element embedded within a molded
magnetic material member formed by molding a magnetic
material prepared by blending a magnetic powder, a resin
and a component that functions as nuclei for applying
clectroless plating, and external electrodes with a monolayer
or multilayer structure including at least one electroless
plating layer formed on a roughened area on the surface of
the molded magnetic material member, wherein the area not
provided with the external electrodes on the surface of the
molded magnetic material member 1s coated with an 1nsu-
lating resin.

Since the external electrodes are formed on the roughened
arca on the surface of the molded magnetic material
member, the inductor has outstanding adhesive properties on
the surface of the molded magnetic material member and a
highly reliable electrical connection. The i1nductor 1s also
ciiciently manufactured by applying these and other aspects
according to preferred embodiments of the present mnven-
tion.

Other features, characteristics, elements and advantages
of the present invention will become apparent from the
following description of preferred embodiments thercof
with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a molded magnetic matertal member
formed 1 on step 1 the method for manufacturing the
inductor according to a preferred embodiment of the present
mvention;

FIG. 2 shows the molded magnetic material member with
the entire surface covered with an 1nsulation resin 1n one step
in the method for manufacturing the mductor according to a
preferred embodiment of the present invention;

FIG. 3 shows the surface of the molded magnetic material
member where a sand blast process 1s performed on the arca
to be provided with the external electrodes 1n one step 1n the
method for manufacturing the inductor according to one
preferred embodiment of the present invention;

FIG. 4 shows the surface of the molded magnetic material
member where electroless plating 1s applied on the area to be
provided with the external electrodes in one step in the
method for manufacturing the inductor according to a pre-
ferred embodiment of the present invention;

FIG. § shows an inductor manufactured by the method for
forming the inductor according to a preferred embodiment
of the present 1nvention;

FIG. 6 shows the method for manufacturing the conven-
tional inductor, wherein the molded magnetic material mem-
ber 1s formed 1n one step of the method;

FIG. 7 shows the method for manufacturing the conven-
tional inductor, wherein a sand blast process 1s performed on
both terminals of the molded magnetic material member 1n
one step of the manufacturing method;

FIG. 8 shows a method for manufacturing a conventional
inductor, wherein electroless plating 1s applied on the entire
surface of the molded magnetic material member 1n one step
of the manufacturing method;

FIG. 9 shows a method for manufacturing a conventional
inductor, wherein a resist agent 1s coated on both terminals
of the molded magnetic material member 1n one step of the
manufacturing method;
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FIG. 10 shows a method for manufacturing a conven-
fional inductor, wherein the unnecessary portions of the
clectroless plating film on the surface of the molded mag-
netic material member are removed 1n one step of the
manufacturing method;

FIG. 11 shows a method for manufacturing a conventional
inductor, wherein the resist agent 1s removed 1n one step of
the manufacturing method; and

FIG. 12 shows an inductor manufactured by a method for
manufacturing a conventional inductor.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The features of the present invention will be described in
more detail with reference to the preferred embodiments of
the present ivention.

FIGS. 1 to § show a method for manufacturing an
inductor according to a preferred embodiment of the present
invention.

The method for manufacturing a surface mounting type
inductor according to this preferred embodiment will be
described hereinafter, wherein the external electrodes 4a and
4b are electrically connected to terminals 2a and 2b of a coil
2 and disposed at terminal portions of a molded magnetic
material member 3 such that the coil (the inner conductor)
2 functions as an mductance element and 1s embedded as
shown 1 FIG. §, and the portion not provided with the
external electrodes 4a and 4b 1s coated with an insulating
resin 10.

The method according to this preferred embodiment
includes preparing ferrite-resin pellets (magnetic material)
obtained by kneading a ferrite powder (magnetic powder)
including Fe,O;, N10O, CuO and ZnO, a polyphenylene
sulfide (PPS) resin, and a component (Pd in this preferred
embodiment) that functions as nuclei for applying electro-
less plating, and a coil (an inner conductor) and providing a
copper wire(an AIW wire) coated with a polyamidoimide
resin 1n a coil shape.

Then, a molded ferrite resin (a molded magnetic material
member) 3 preferably having approximate dimensions of 4.5
mmx3.2 mmx3.2 mm, in which a coil (an inner conductor)
2 that functions as an inductance element 1s embedded
within a magnetic material 1, 1s formed as shown 1n FIG. 1
by 1njection molding the ferrite resin around the coil after
heat melting of the ferrite resin pellets.

Then, the surface of the molded magnetic material mem-
ber 3 1s coated with an insulating resin 10 by a resin
impregnation method as shown 1n FIG. 2. An epoxy resin 1s
used as the mnsulating resin 10 1n this preferred embodiment.

Next, a sand blast process is performed on the area (the
arca on the both end surfaces of the molded magnetic
material member 3 and the area extending from the both end
surfaces to the outer circumference surface) to be provided
with external electrodes 4a and 4b (FIG. 5). The terminals
2a and 2b of the coil 2 are exposed from the molded
magnetic material member 3 by removing the insulating
resin 10, followed by removing the insulating film (the
polyamidoimide resin) of the coil 2 and roughening the area
to be provided with the external electrodes 4a and 4b (FIG.
S) on the surface of the molded magnetic material member
3. A selectively coated molded body 3 (3a) is thereby
formed, wherein the surface portions of the molded mag-
netic material member 3 except for the region to be provided
with the external electrodes 4a and 4b (FIG. 5) is coated with
the 1nsulating resin 10.
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Then, N1 electroless plating 1s applied on the selectively
coated molded body 3 (3a), and a Ni electroless plating film
5 15 applied to the exposed surface not covered with the
insulating resin 10 at both terminals of the molded magnetic
material member 3 as shown 1 FIG. 4. No electroless
plating films are applied on the surface of the 1nsulating resin
10 because the component that functions as nuclei for
applying electroless plating 1s not coated on the insulating
resin 10.

The thickness of the N1 electroless plating film 1s about 2
um 1n this preferred embodiment. However, the thickness of
the N1 electroless plating film can be adjusted to about 0.5
um or more 1n order to form the Ni electroless plating film
having no film gaps.

Finally, the molded magnetic material member 3 1s placed
in a barrel to apply N1 electrolytic plating to form a Ni
clectrolytic plating film 6 on the Ni electroless plating film
5 as shown 1n FIG. 5, followed by additionally applying a Sn
clectrolytic plating film 7 thereon. A surface mount type
inductor 1s thus produced, wherein the external electrodes 4a
and 4b having three layers of the N1 electroless plating film

5, the N1 electrolytic plating film 6 and the Sn electrolytic
plating film 7 are provided at both end surfaces of the
molded magnetic material member 3.

According to the manufacturing method of this preferred
embodiment, electroless plating 1s efficiently applied on the
surface of the molded magnetic material member since a
resin based magnetic material, in which a component that
functions as nucle1 for applying electroless plating 1is
blended, 1s used. Since the manufacturing method involves
no resist coating step, a step for removing the resist agent
using an alkali or a solvent, as well as a step for removing
unnecessary portions on the electrodes (the electroless plat-
ing films) by etching with an acid, are omitted, and thus
manufacturing efficiency 1s greatly improved.

Since the external electrodes are provided on both end
surfaces and on the area extending from both end surfaces to
the outer circumierential surfaces in the preferred embodi-
ment described above, an inductor having a high mounting
reliability on a circuit board 1s efficiently manufactured.

However, the area or the pattern for forming the external
electrodes are not limited to those described above, but the
external electrodes may be formed only on both end surfaces
of the molded magnetic material member, or other suitable
patterns.

While Pd 1s used 1n the magnetic material as the compo-
nent that functions as nucle1 for applying electroless plating
in this preferred embodiment, other suitable substances may
also be used.

The molded magnetic materital member may also be
formed using a resin based magnetic material in which no
substance that functions as nucle1l for applying electroless
plating 1s blended 1n various preferred embodiments of the
present invention, by appropriately selecting the kinds of the
magnetic powder and resin to be used.

While epoxy resins are used for the insulating resin 1n the
preferred embodiment described above, various other 1nsu-
lation resins such as polyamide resins, polyester resins and
phenol resins may be used as alternatives.

According to the method of preferred embodiments
described above, no drying steps are required between the
clectroless plating step and electroplating step, and the
plating steps are continuously performed 1n the barrel, which
1s particularly advantageous when an electroplating step 1s
required after an electroless plating step.

It should be understood that the present invention 1s not
restricted to preferred embodiments described above, but
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various applications and modifications are contemplated
within the scope of the present invention with respect to the
other procedures including the kinds of the magnetic powder
and resin constituting the magnetic material, actual configu-
rations of the molded magnetic material member, materials
and configurations of the external electrode and inner con-
ductor (coil), actual conditions of electroless plating, the
kind of the electroless plating film, and actual conditions of

roughening by the blast medium blowing method.

What 1s claimed 1s:

1. A method for manufacturing an inductor comprising the
steps of:

molding a magnetic material prepared by blending a
magnetic powder with a resin into a molded body

having a desired shape such that an inner conductor
defining an inductance element 1s embedded within the

molded body, thereby forming a molded magnetic
material member having a portion of the 1nner conduc-

tor exposed at a surface thercof;

forming a resin-coated molded body having a main por-
tion which 1s selectively coated with an 1nsulating resin
such that the insulating resin 1s coated on an enfire
surface of the molded magnetic material member
except 1n a region where external electrodes are to be
provided; and

forming the external electrodes including electroless plat-
ing films on the region where the external electrodes
are to be formed by applying electroless plating on the
resin-coated molded body.

2. A method for manufacturing an inductor according to

claim 1, wherein said step of forming the external electrodes

includes the step of applying multiple electroless plating
f1lms.

3. A method for manufacturing an inductor according to
claim 2, wherein at least one of said multiple electroless

plating films 1s a N1 film.

4. A method for manufacturing an inductor according to
claim 2, wherein at least one of said multiple electroless
plating films 1s an Sn {ilm.

5. A method for manufacturing an inductor according to
claim 1, wherein the external electrodes are formed by
applying electroless plating after roughening the area to be
provided with the external electrodes on the molded mag-
netic material member by a blast medium blow method for
blowing a blast medium.

6. A method for manufacturing an inductor according to
claim 1, wherein said electroless plating films define a
structure including a plurality of layers which are formed by
applying different kinds of electroless plating a plurality of
fimes.
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7. A method for manufacturing an inductor according to
claim 1, further comprising a step of forming an external
clectrode mncluding an upper electrolytic plating film with a
monolayer or multilayer structure by additionally applying
at least one type of electrolytic plating on said external
electrodes.

8. Amethod for manufacturing an inductor comprising the
steps of:

molding a magnetic material prepared by blending a
magnetic powder, a resin and a component to function
as nucle1 for applying electroless plating 1nto a molded
body having a desired shape so that an inner conductor
functioning as an inductance element 1s embedded
within the molded body, thereby forming a molded
magnetic material member having a surface at which a
portion of the 1nner conductor 1s exposed;

forming a selectively coated molded body so that an area

outside of an area to be provided with external elec-
trodes on the surface of the molded magnetic material
member 1s coated with an 1nsulating resin; and

forming the external electrodes 1including electroless plat-
ing {ilms on the area to be provided with the external
clectrodes by applying electroless plating on the selec-
tively coated molded body.

9. A method for manufacturing an inductor according to
claim 8, wherein the external electrodes are formed by
applying electroless plating after roughening the area to be
provided with the external electrodes on the molded mag-
netic matertal member by a blast medium blow method for
blowing a blast medium.

10. A method for manufacturing an inductor according to
claim 8, wherein said step of forming the external electrodes
includes the step of applying multiple electroless plating
f1lms.

11. A method for manufacturing an inductor according to
claim 10, wherein at least one of said multiple electroless
plating films 1s a N1 film.

12. A method for manufacturing an inductor according to
claim 10, wherein at least one of said multiple electroless
plating films 1s an Sn {ilm.

13. A method for manufacturing an inductor according to
claim 8, wherein Pd 1s used for the component to function
as nucle1 for applying electroless plating.
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